While polymer light-emitting diodes are currently finding commercial applications in displays and lighting, the development of low bandgap polymers emitting in the infrared has 
Introduction
Conjugated polymers are optically active materials whose photoluminescence (PL) and electroluminescence (EL) properties have received a great deal of interest over the last fifteen years. Applications have already entered the manufacturing process with the first polymer light-emitting diodes (pLEDs) becoming part of colour displays. One of the main advantages of using polymers as active materials is the ability to control important features such as the desired colour emission and their intensity via bandgap engineering through chemical synthesis. Infrared absorption from discrete molecules with an extended π-system [1] and organic NIR absorbing dyes has been reported in the past [2] . In contrast, little attention has been paid on the synthesis of low bandgap polymers, i.e., with a gap lower than 1.8 eV [3] , that can emit light in the near infrared (NIR) for applications in telecommunication.
Conjugated polymers are attractive for their processibility from solution leading to homogeneous thin films without cracks or pin-holes. A promising strategy to engineer at the molecular level low bandgap polymers is to introduce along a backbone an alternation of donor and acceptor units [4] and [5] . In such alternating copolymers, a low energy gap is created between the highest occupied molecular orbital (HOMO) of the donor unit and lowest unoccupied molecular orbital (LUMO) level of the acceptor moiety. Note, however, that a full localization of the HOMO/LUMO levels over their respective units would lead to a vanishingly small transition dipole moment for this transition, thus precluding efficient absorption and emission processes. The width of the energy gap depends on factors such as the conjugation length, the solid-state ordering, and the intra-chain charge transfer character.
Reports on polymers with low bandgap demonstrated from absorption spectroscopy abound and are motivated by their use in solar cells [5] , [6] and [7] ; however, to the best of our knowledge, light emission in the NIR down to 1 eV from a conjugated polymer has not been reported yet, probably as a result of the strongly competing internal conversion processes. In this Letter, we report the photoluminescence properties of the low bandgap polymer LBPP-1 in thin film and solution (see chemical structure in Fig. 1a ). This polymer is photostable, solution processible, and emits in the NIR region.
Experimental
The synthetic route towards this low bandgap polymer has been described in details elsewhere [8] . LBPP-1 films were drop casted on glass substrates from a solution of LBPP-1 in chloroform (5 mg/ml). The films were a couple of micrometers thick. The temperature- Fig. 1b shows the absorption and PL spectra of a drop-casted LBPP-1 film on glass (black lines). There is an absorption maximum at 954 nm, similar to the values reported previously [8] , while the emission maximum is lying at 1140 nm. Both spectra are featureless, with the emission spectrum red shifted by 186 nm. The Stokes shift reflects a significant structural relaxation in the excited state while the lack of vibronic structures in the spectra is attributed to torsional motions that dynamically regulate the conjugation length [9] . The narrowing of the emission band further suggests the occurrence of intra-and inter-chain energy transfer processes towards chromophores with the largest effective conjugation length and hence lowest HOMO-LUMO energy gaps [10] . The fluorescence quantum efficiency is estimated to be about 4 × 10 −8 % for the thin film. A deeper insight into the nature of the emitting species can be inferred by comparing the room-temperature PL spectrum of the LBPP-1 film with that of a solution in chloroform, see Fig. 1b . In the absorption spectrum of the solution, the two peaks that can be resolved at 955 nm and at 846 nm, do no necessarily correspond to different excited vibrational levels since they tend to merge in one main peak when the same absorption spectrum is taken using a less polar solvent (e.g. hexane) than chloroform. A rather atypical feature of these spectra is the fact that the emission of the solution (peak at 1247 nm) is red shifted compared to the emission of the film (peak at 1140 nm) by approximately 107 nm. Typically, chains in the solid state possess a lower bandgap than in solution due to an increase in planarity, as supported by the red shift observed for the absorption spectrum. Moreover, the impact of intermolecular interactions is also expected to induce a red shift of the emission [12] . this translates into a more delocalized character for the HOMO level in the repeat unit (66% on D and 34% on A) and to a strong energy destabilization compared to the HOMO level of the building blocks. The same picture is obtained for other donor/acceptor copolymers [13] and [14] . The charge transfer promoted in the lowest excited state might also rationalize the blue shift of the emission band when going from solution to the solid state. As a matter of fact, a recent study on polymer blends has shown that the Coulomb interactions between the charge distribution of an excited chain and that of an adjacent neutral chain can lead to a blue shift of the emission in the repulsive regime [19] . The localization of the excitation upon geometry relaxation is a prerequisite for the manifestation of such environmental effects since a cancellation of attractive and repulsive forces is expected to prevail for the delocalized excitations initially generated upon photoexcitation [19] . However, Coulomb interactions in the attractive regime should also give rise to chains emitting at lower energy compared to solution; this discrepancy can be reconciled with the experimental measurements by conjecturing at this stage that such excitations are actually converted into inter-chain exciplexes that are known to be generally weakly emissive [20] in agreement with the low quantum efficiency recorded. More experiments are in progress to verify such hypotheses. 
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Fig. 2. Temperature-dependent PL spectra of LBPP-1.
Theoretical modeling
Conclusion
Low bandgap conjugated polymers are potentially interesting to fabricate NIR diodes sending optical signal in telecommunication networks. Here, we have reported the extraordinary emission properties of the low bandgap polymer LBPP-1, which emits NIR radiation between 1000 nm and 1400 nm ( 1 eV). This low bandgap is obtained by using monomer with donor-acceptor segments. The delocalized character of the HOMO on the donor and acceptor segments, together with the localized character of the LUMO on the acceptor, promotes a significant transition dipole moment (and hence oscillator strength) for the lowest optical transition of LBPP-1 chains. The significant charge transfer occurring in the lowest excited state and the resulting intra-chain and inter-chain Coulombic interactions are likely to be at the origin of the unexpected blue shift of the emission band when going from solution to the solid state, as well as the low fluorescence efficiency.
